Amaç: Bu çalışmada tek ayak üzerine duruşta postural stabilite açısından postural salınım hızının plantar basınç, ayak postur indeksi (API) ve ayak büyüklüğü ile tahmin edilip edilemeyeceği araştırıldı. Hastalar ve yöntemler: Çalışmaya 118 kişinin (62 erkek, 56 kadın; ort. yaş 22.1±3.1 yıl; dağılım 18-36 yıl) toplam 236 ayağı dahil edildi. Ayaklar API indeksine göre düztaban, normal ve yüksek taban olarak sınıflandırıldı. Postural salınım hızı, tek ayak üzerine duruşta gözler açık (TA-GA) ve gözler kapalı (TA-GK) durumda Balance Master ile ölçüldü. Her ayak için 10 farklı plantar bölgenin basınçları ise, EMED-M pedobarograf kullanılarak ölçüldü. Plantar basınç değerlerin-den kuvvet-zaman-alan (KZA) integrali belirlendi ve ayak genişliği ayak uzunluğuna bölünerek standart ayak büyüklü-ğü (SAB) hesaplandı. Gruplar arasında postural salınım hızı farklılıklarını belirlemek için tek yönlü ANOVA kullanıldı. Postural salınım hızının tahmin edilebilirliğini belirlemek için çoklu doğrusal regresyon analizi kullanıldı. Bulgular: Postural salınım hızı TA-GA durumda her üç grup için benzer bulundu (p>0.05). TA-GK durumda en yüksek postural salınım hızı düztaban ayak grubunda, en düşük salınım hızı ise yüksek taban ayak grubunda saptandı (p<0.05). TA-GK durumda ölçülen postural salınım hızı ile SAB (b= 0.141, p<0.05), topukta belirlenen KZA integral değeri (b= -0.127, p<0.05) ve API (b= 0.246, p<0.05) arasında anlamlı ilişki saptandı. Sonuç: Tek ayak üzerine duruşta KZA integral ve SAB parametrelerinin postural salınım hızını öngördürücü değeri düşüktür. Postural salınım hızı daha çok API ile ilintili olup, ayaktaki pronasyon ile artar.
Postural sway in unilateral stance
The foot, the most distal segment of the lower extremity, provides a relatively small base of support for balance reactions. For this reason, many postural control strategies are dependent on and sensitive to mechanical alterations in the support surface which may affect surface contact area or change muscular strategies in order to maintain a stable base of support. [1, 2] Central and peripheral nervous systems communicate and continuously integrate to align the body segments over the support surface. [2] Although there are more than one peripheral component in maintaining balance, one of them is usually set by the central nervous system as the priority sense of orientation to be used in the control process of body position and posture over the support surface. [3] This postural control process causes the plantar foot surface to appropriately transfer body weight to the ground which may be measured as plantar pressure. The magnitude of plantar pressure measurements varies depending on the region of the plantar surface from which the measurement is taken and is mainly influenced by foot posture and instant position of the center of gravity (COG) over the support surface.
Previous studies have shown the relation between foot posture and plantar pressure measurements. [4, 5] Foot posture has also been indicated as a contributing factor in postural stability. In the supine foot, large COG sway patterns were detected as explained by the absence of the medial block. [1, 6] On the other hand, a pronated foot with hypermobile characteristics was associated with less stability compared to a supinated foot with a more rigid structure. [2, 7] While the conflict about foot posture as an influencing factor on postural stability and plantar pressure characteristics goes on, to our knowledge no study has previously studied the possible relation between postural stability and plantar pressure characteristics. Therefore, the purpose of the present study was to assess the capability of plantar pressure patterns in 10 masks of the foot sole, foot posture index (FPI) and foot size to predict the postural sway velocity in unilateral stance.
PATIENTS AND METHODS

Participants
A total of 236 feet from 118 subjects (62 males, 56 females; mean age 22.1±3.1 years; range 18 to 36 years) were included in the study. They had no repeated lower extremity injuries and were free of all lower extremity injury in the past 12 months. They had no history of lower extremity surgery. They had no visual or vestibular disorders. The study was approved by the university's institutional ethical committee (815-GOA, 2012/40-11) and conducted in accordance with the principles set forth in the Helsinki Declaration 2008. Each participant signed an informed consent before participating in the study. Their feet were assessed using a six-item foot posture index (FPI) as described elsewhere. [8] 
Procedure
Unilateral stance (US) test: The Balance Master System (version 8.6, NeuroCom Inc, Clackamas, USA) which has been used extensively for balance and weight bearing assessment [9, 10] was employed to measure CoG sway velocity (degree per second) during US with eyes open (EO) and eyes closed (EC). Low sway velocity was considered as better postural stability. The participants were asked to stand on their left foot over the force platform with EO and then with EC as described. [9] If the subjects lost their balance within 10 seconds, the trial was marked as a fall. The same assessments were also performed for the right foot.
Plantar pressure distribution: Barefoot plantar pressure distributions were measured by an EMED-M pressure plate with 3792 sensor cells at 50-60 Hz in the 38x24 cm sensor area (Novel GmbH, Munich, Germany). The two-step protocol was used for plantar pressure measurement as described. [11] The data from an average of the four steps on the foot were used to represent the pressure pattern. The dynamic plantar pressure footprints obtained from each participant were divided into 10 masks (Novel, diabetes report software, Novel GmbH, Germany) as follows: Heel (HF), midfoot (MF), first metatarsal head (MH 1 ), second metatarsal head (MH 2 ), third metatarsal head (MH 3 ), fourth metatarsal head (MH 4 ), fifth metatarsal head (MH 5 ), Big toe (BT), second toe (ST) and toes 3-5 (T 345 ). Force-integral in Newton seconds (FTI, Ns) exerted from plantar pressure data was divided by corresponding contact area in square centimeters (CA, cm 2 ) to calculate Force-Time-Area Integral (FTAI, Ns/cm 2 ) to obtain more accurate mean cumulative load time per square centimeter as described elsewhere. [12] Standardized foot size (SFS): Foot width was measured from widest region at the metatarsal region and length measured from heel to toe on the footprint using EMED database essential software (Novel GmbH, Germany). Standardized foot size was calculated as foot width (cm) divided by foot length (cm).
Data analysis
Both feet of the 118 participants were pooled into 236 samples for data analysis. Based on the FPI score, feet were classified as normal feet, supine feet and prone feet. Possible differences in postural sway velocity between the groups of feet were studied by means of an ANOVA (Tukey HSD post hoc test). The FTAI values for 10 masked areas and the FPI were input as independent variables alongside the SFS into a multiple linear regression analysis to predict postural sway velocity in the unilateral stance in eye open (US-EO) and closed (US-EC) conditions (dependent variables). The regression analysis was run following the backward stepwise elimination procedure. The significance level was set at 5% (p<0.05). All statistical analysis was performed using IBM SPSS software version 20.0 (IBM Corporation, Armonk, NY, USA).
RESULTS
The mean body mass index (BMI) was 22.8±3.0 kg/m 2 . Based on the FPI score, 146 feet (61.8%) were classified as normal feet, 38 feet (16.1%) were classified as supine feet, and 52 feet (22.0%) were classified as prone feet. There was no significant difference between the three groups for postural sway velocity on US-EO condition. Highest postural sway velocity was detected in individuals with prone feet (6.42±3.81 degree/second, p=0.003), followed by those of with normal feet (5.66±3.50 degree/second, p=0.019) in the US-EC condition. Individuals with supine feet showed lowest postural sway velocity (3.96±2.52 degree/second). The results of ANOVA are shown in Table I . Linear regression analysis showed that no variable remained in the regression model for US-EO condition. A total of 12 variables were narrowed to three for US-EC condition based on a significance level of p<0.05 to enter the model and a p>0.06 was the criterion for removal. The resulting three-variable model (F=8.77; p<0.001; Table II) had an R=0.32 and R2=0.10 and variance inflation factor (VIF) <2.0 (Table II) . Ten percent of the postural sway velocity in the US-EC condition was attributable to all variables in the final model. As the single variable, FPI contributed the greatest relative postural sway velocity (b= 0.246, p<0.001) in the US-EC condition. Hind foot-force time area integral (HF-FTAI) was the only plantar pressure variable that remained in the final regression model contributing to postural sway velocity in US-EC condition (b= -0.127, p=0.048). The SFS also contributed to postural sway velocity (b= 0.141, p=0.028). The results of the multiple linear regression analysis are tabulated in Table II . 
DISCUSSION
To provide information regarding potential impairments of the foot and its disorders, plantar pressure measurements have been demonstrated to be a reliable source that has long been used. [13, 14] Although peak pressure and pressure-time integral have widely been used to identify plantar pressure characteristics in the foot, [15, 16] these variables exerted by Novel software (Novel, Germany) have not been considered in the current study because they have not been able to give sufficient information on mechanical loading of the plantar surface of the foot. Instead, we used the alternative plantar pressure variable which was described by Melai et al. [12] Whilst information provided by the sole of the foot that is necessary for maintaining postural stability, the plantar pressure characteristics must accurately be measured to obtain the cumulative value. Hence, to provide a measure of the cumulative load on the corresponding area, we divided the FTI of a certain region by the contact area of that region (FTAI, Ns/cm 2 ) to obtain more accurate mean cumulative load per square centimeter as has been described. [12] As the debate continues on the validity of the various assessment methods, FPI provides useful indirect information about foot posture. It can therefore be assumed that the plantar contact area increases if the medial arch height decreases in prone feet with high FPI score. [8] In contrast, plantar contact area decreases when medial arch height increases in supinated feet with low FPI score. Standardized foot size was also reported to give more accurate information than width or length alone, hence, it was calculated as foot width divided by foot length as described elsewhere. [17] As the contributing factor, increase in FPI leads to higher postural sway velocity. Other findings from the regression analysis in the current study are about decreased postural sway velocity in increased SFS. Hence, postural sway control becomes easier as a wider foot provides a larger support surface on unilateral stance. Hind foot-force time area integral was the only plantar pressure variable that remained in the final regression model. Therefore it contributed to postural sway velocity in US-EC condition. Regression analysis showed that postural sway velocity tends to increase if HF-FTAI increases in supine feet, which is opposite that of increasing postural sway velocity in prone feet. This may be because plantar pressure parameters were measured in a dynamic condition, and these differences in force and pressure distributions may demonstrate different strategies to receive ground reaction force during heel strike.
Whilst controversy regarding the effect of foot posture on balance measures has previously been demonstrated, [1, 2, 6] our findings revealed that the prone feet have increased sway velocity of COG in the US-EC condition. In one of the three studies, [6] a balance test with compliant surface resulted in increased COG sway velocity in young children with feet with less plantar contact to the supporting surface. A second study has also suggested that feet with less plantar contact area have larger COG sway because of absence of medial block, or less plantar cutaneous sensory information. [1] Contrary to this, a recent study showed that participants exhibiting pronated foot postures also achieved poorer performance in postural sway control. [7] Despite the explained underlying mechanism that is heavily debated, our findings revealed that static balance is largely influenced by mechanical and structural characteristics of the foot alongside the altered sensorial information from two aspects: First, a pronated foot has no sufficient mechanical advantage for proper weight bearing, and stability of the joints therefore could not be provided as suggested by Cote et al. [2] Second, it is reasonable to consider that small alterations to the foot structure or to the bony alignment between foot and ankle could influence postural control strategies; The normal foot can adequately react and neutralize the forces produced from the changes in body sway during posture correction on time before moving the COG away from its normal location. However, the prone foot is unable to respond at the exact time to the load changes during posture control, and also unable to produce a rigid lever arm to generate sufficient counterforce to keep COG on its location. It is well known that when visual input is occluded, the cutaneous receptors and proprioceptors in the foot that process transferring of information must be more reliable for appropriate reactions enabling correct body orientation in space and maintaining balance. [18] If false posture is erroneously perceived to be correct, it probably will result in irrelevant motor responses to correct body orientation in space. [19] Hence, even if more sensorial information is received from the plantar surface in prone feet as suggested, adaptation to false sensorial inputs regarding the current foot posture, and inability to produce a rigid lever arm when it necessary to generate sufficient counterforce may lead higher postural sway velocity in US-EC condition.
In conclusion, postural sway velocity was predicted by only HF-FTAI among the plantar pressure variables in the US-EC condition in the current study. In addition, SFS also weakly predicted postural sway velocity in the same condition. Foot posture index was the main predictor of postural sway velocity. With higher FPI, the group with prone feet demonstrated the greater postural sway velocity. These relationships may suggest important patterns of postural sway velocity in different foot postures and plantar pressures that could be clinically meaningful for improvement of postural stability using effective interventions such as orthosis prescribed for abnormal foot posture, and balance training. However, further studies of different foot postures is still warranted to find out underlying neural and mechanical factors in postural control strategies.
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